Abstract Last year, Japan exercised two new acts, the Act on the Safety of Regenerative Medicine (RM Act) and Pharmaceuticals and Medical Devices Act (PMD Act). These acts have significantly changed the conditions for clinical application of regenerative medicine. The RM Act covers clinical research and medical practice using processed cells. It specifies the procedures required for clearance to administer said processed cells to humans. The RM Act also introduces a licensing scheme for cell processing centers outside medical institutions. The PMD Act, on the other hand, introduces a specific regulatory framework for regenerative medicine products. Under the PMD Act, conditional and timelimited marketing approval will be given to a regenerative medicine product after exploratory clinical trials have demonstrated probable benefit and proven safety. Combined with other measures to facilitate R&D, it is expected that these changes will accelerate the clinical application and commercialization of innovative regenerative medicine therapy.
Introduction
The discovery of induced pluripotent stem (iPS) cells by Shinya Yamanaka in 2006 [1] and his receipt of the Nobel Prize for Physiology and Medicine in 2012 have attracted intense public attention in Japan to the topic of regenerative medicine. In response, the Japanese National Diet has passed the Regenerative Medicine Promotion Act [2] in May 2013 to clarify national policy regarding regenerative medicine. Adding to this act are two new acts, the Act on the Safety of Regenerative Medicine (RM Act) and the Amended Pharmaceutical Affairs Law (PAL), or Pharmaceuticals and Medical Devices Act (PMD Act), which have significantly changed the conditions for clinical application of regenerative medicine. The RM and PMD acts were enacted on November 2013 and became law on November 2014 [3, 4•, 5•, 6-8] .
Since its establishment in 1960, the PAL has regulated drugs, medical devices, quasi-drugs, and cosmetics. It was revised in 2003 to consider products derived from biological ingredients by introducing a biological product category [9] , but regenerative medicine products were still categorized either as drugs or medical devices according to their primary mode of action. Two autologous products, JACE (autologous cultured epidermis) and JACC (autologous cultured cartilage), both by Japan Tissue Engineering Co., Ltd., had been originally approved as medical devices [10] [11] [12] . Under the PMD Act, however, a new category, regenerative medicine product category, was introduced. Accordingly, JACE and JACC were transferred from the medical device category to the regenerative medicine product category [13] .
In Japan, regenerative medicine technologies prepared within medical institutions and used for clinical research or medical treatments have been outside the scope of the PAL or PMD Acts. Clinical research using stem cells, including the first-in-human study using iPS cell-derived retinal pigment epithelium cells at RIKEN [14, 15] , had been regulated by independent guidelines issued as the Minister's Notification by Ministry of Health, Labour and Welfare (MHLW) since 2006 [16] , while other medical treatments and researches were covered by general regulation under the Medical Practitioners' Act and Medical Care Act [17] [18] [19] . However, the tragic death of a patient receiving stem cell therapy in Japan intensified the demand for new regulation [20] [21] [22] . At the same time, requests to expand centers that could process and manipulate cell products beyond hospitals and clinics to outside companies were also increasing [23] . In response, the RM Act was enacted to regulate regenerative medicine procedures in medical institutions and introduce licensing schemes and standards for cell processing facilities such that these tasks could be subcontracted to outside facilities.
Overview of the Regulatory Framework Covering Regenerative Medicine
In Japan, regenerative medicine products distributed by companies are regulated under the PMD Act. Clinical trials that collect data to gain approval for regenerative medicine products are also covered by the PMD Act (Article 2(17)). Regenerative medicine products are reviewed by the Pharmaceuticals and Medical Devices Agency (PMDA), an incorporate administrative agency established pursuant to the Pharmaceuticals and Medical Devices Agency Act (PMDA Act) [24] and approved by the Minister of the MHLW. Approved regenerative medicine products are covered by the National Health Insurance (NHI) for medical treatment, in principle.
Clinical research other than clinical trials intended for submission to get approval or daily medical treatments that use unapproved regenerative medicine products are covered by the new RM Act. Thus, cells processed within medical institutions or by outside companies with appropriate licenses can be used for clinical research or medical treatment. Table 1 summarizes the requirements for regenerative medicine approval according to the RM and PMD acts. Clinical research under the RM act and clinical trials under the PMD act have different data integrity standards. Good clinical practice (GCP) only applies to clinical trials. Clinical research under the RM act has lower data integrity standards; therefore, these data may not be considered as reliable data for approval review under the PMD Act unless they fulfill GCP standards (PMD Act article 23-25(3) ). However, exploratory clinical research can be used to design confirmative clinical trials. In the early clinical development phase of regenerative medicine, products in Japan are often first evaluated as clinical research, which is considerably cheaper than clinical trials. If the prediction of success is high, then investigator-initiated or company-sponsored clinical trials may be initiated. Figure 1 shows the typical development process of regenerative medicine in Japan, according to a report from the special committee of Health Science Council of MHLW that discussed the framework of the new RM Act [25] . Some regenerative medicine therapies begin as clinical research under the RM Act and then move to clinical trial under the PMD Act. Others will directly begin with clinical trials. After clinical trials, marketing approval as a regenerative medicine product and NHI coverage can be awarded. In exceptional cases such as autologous therapy for rare diseases, clinical use under the RM Act might be continued without approval of regenerative medicine product under the PMD Act. Early clinical research is neither covered by NHI nor used in combination with medical treatments that are covered. Satisfactory clinical research may permit NHI coverage if the designation BAdvanced Medical Therapy^is assigned by the Minister of the MHLW, even though the regenerative medicine therapy itself is not yet covered by NHI at this stage. Other than the scheme described above, regenerative medicine therapy can be provided by private practices without NHI coverage.
Pharmaceuticals and Medical Devices Act Definition of Regenerative Medicine Products under the PMD Act
The PMD Act has introduced definitions of regenerative medicine products as follows.
(1) Processed human or animal cells intended for either:
(a) the reconstruction, repair, or formation of the structure or function of the human (or animal) body (i.e., tissue-engineered products) (b) the treatment or prevention of human (or animal) diseases (i.e., cellular therapy products) (2) Articles intended for the treatment of disease in humans (or animals) and are transgened to express in human (or animal) cells (i.e., gene therapy products) (PMD Act article 2(9)).
Regenerative medicine products under the PMD Act also include those that are used solely on animals and regulated not by the MHLW but by the Ministry of Agriculture, Forestry and Fisheries (PMD Act Article 83).
The cabinet ordinance of the PMD act (Article 1-2, Table 2 ) further specifies the following three product categories as regenerative medicine products:
(1) Processed human cell products, such as iPS cell-derived products, embryonic stem (ES) cell-derived products or somatic cell products.
(2) Processed animal cell products (3) Gene therapy products
Under the PMD Act, platelets derived from iPS cells [26] are classified as processed human cell products and regulated not as blood derivatives under the category Drug, but as Regenerative Medicine Products. Regenerative medicine products include gene therapy products, which are products that introduce genes to cells that are already in the human body (in vivo) or have been extracted from but then transplanted back to the human body (ex vivo). IRB Institutional review board (certified regenerative medicine committee under the RM Act), GCP good clinical practice, GMP good manufacturing practice, GCTP good gene, cellular, and tissue-based products manufacturing practice 
Pharmaceutical Affairs Consultation and Clinical Trial Notification
In the PMD Act, sponsors must submit a clinical trial plan, or BClinical Trial Notification.^The PMDA requires 30 days to review this submission before a clinical trial may be approved (PMD Act Article 80-2). Since regenerative medicine products are very complex, a BPharmaceutical Affairs Consultation on R&D strategy^is required with the PMDA before submitting a Clinical Trial Notification. Here, the PMDA will review the quality and safety of the investigational regenerative medicine product based on the product specification, appropriateness of the pre-clinical tests, information of the animal-or human-derived materials, etc. Although Clinical Trial Notifications do not require review fees, the Pharmaceutical Affairs Consultation does. Under specific conditions, start-up companies and academia may be eligible for a 90 % discount. It should be noted that there are several additional categories of PMDA consultations, so it is possible for sponsors to discuss other questions, such as the design of clinical trials (additional fees apply). GCP for regenerative medicine products, the standard for which are equivalent to the ICH-E6 guideline (ICH-GCP) [27] , applies to clinical trials.
Marketing Approval Review
Before introducing regenerative medicine products into the market of Japan, it is necessary to get marketing approval from the Minister of the MHLW. Most of the review operations (scientific evaluation) are commissioned from the MHLW to PMDA based on the PMD Act, but the MHLW has the final approval decision. The MHLW retains the authority to make policy including regulation and guidance. Descriptions of the procedures for consultation (pre-application meeting), application, and review are provided by several guidance documents issued by the MHLW and PMDA (see Table 2 ). After approval, review reports and summaries of the application data, excluding trade secrets, are published on the PMDA's website. General requirements for approval, such as whether benefits outweigh the risks of the product, are specified in the PMD Act (Article [23] [24] [25] . Further points to consider relate to quality, efficacy, and safety are provided by the several guidance documents issued by the MHLW (Table 2 ). It should be noted that Standards for Biological Ingredients, which covers the regulation of source materials derived from human or animals, is one of the most important documents before and after product approval, since products that violate this standards are not allowed to be sold in Japan (PMD Act Article 65-6).
Conditional and Time-Limited Approval
The PMD Act introduced conditional and time-limited approval specifically for regenerative medicine products (PMD Act Article [23] [24] [25] [26] . Considering the characteristics of these products, it is normally difficult to evaluate efficacy due to the considerable variation caused by the different donors or cells. Therefore, conditional and time-limited approval requires confirmation of safety and demonstration of probable benefit. Demonstration of probable benefit can be done by data that predicts efficacy through surrogate end points in a relatively small exploratory study. After conditional and timelimited approval, it is possible to market products, but it is necessary to conduct patient follow-up to confirm safety and 
Designation of Orphan Products and Priority Review
Common to the scheme for drugs and medical devices [28] , regenerative medicine products used to treat intractable diseases can be subject to orphan product designation and priority review. Designation criteria for orphan regenerative medicine products are as follows: (1) prevalence of the disease covered by the indication of the product concerned is less than 50,000 patients in Japan and (2) the product will be extremely beneficial from a medical standpoint if approved (PMD Act Article 77-2 and MHLW Ministerial Ordinance for the Enforcement of the PMD Act Article 251). Products designated as orphan regenerative medicine products are entitled to priority measures, such as financial aid, tax relief, and priority consultation and priority review (PMD Act Articles 77-3 and 77-4). Products designated as orphan regenerative medicine products as well as other products highly needed from a medical standpoint can receive priority review status (PMD Act Article 23-25(7)).
Licensing for Marketing Authorization Holder and Manufacturing Site
In the PMD Act, the representative who will market and hold responsibility for the regenerative medicine product must receive a license from local (prefecture) governments that deems him a Marketing Authorization Holder (PMD Act article 23-20, 81). The holder must follow quality assurance standards (good quality practice, GQP), post-marketing safety standards (good vigilance practice, GVP), as well as human resource requirements specified in the ministerial ordinance (PMD Act Article 23-21). In addition, the holder must have a responsible office in Japan. Each manufacturing site of regenerative medicine products must have a license (for domestic sites) or accreditation (for foreign sites) from the MHLW (PMD Act Article [23] [24] . Manufacturers must comply with building and facility standards, manufacturing and quality standards (good gene, cellular, and tissue-based products manufacturing practice, GCTP) and human resource requirements (PMD Act Article   23-22, 23-24, 23-25 ). PMDA conducts audits for both domestic and foreign manufacturing sites (PMD Act Article 23-23).
Post-Market Safety and Distribution Control of Regenerative Medicine Products
There are several regulatory requirements to ensure postmarket safety and quality of regenerative medicine products. Marketing authorization holders, distributors, and medical institutions and medical practitioners are subject to these requirements. All stake holders in the supply chain must keep records to ensure traceability so that it is possible to conduct surveys if infection occurs (PMD Act Article 68-7). Both Marketing authorization holders and medical practitioners must report serious adverse events, infectious events, or any other issues related to the safety and efficacy of the product(s) to PMDA within a specified timeframe (PMD Act Article 68-10, 68-13). In addition, Marketing authorization holders must periodically provide infectious research reports related to the product(s) and source material(s) to the PMDA; these reports are called Periodic Infectious Disease Surveillance Reports (PMD Act Article 68-14, 68-15). Distributors must have a license from local governments; compliance with building and facility standards, human resource requirements, and good distribution practice are required for distributors (PMD Act Article 40-5, 40-6, 40-7). Medical practitioners are expected to inform safety, efficacy, and other information related to the appropriate use of regenerative medicine products to patients before provision to receive informed consent (PMD Act Article 68-4).
Relief Systems for Sufferers of Adverse Events or Infections from the Use of Regenerative Medicine Products
PMDA operates two relief fund systems related to regenerative medicine products: the Adverse Reaction Relief Fund System and Relief Fund System for Infections (PMDA Act Article 15). The Adverse Reaction Relief Fund System is designed to help sufferers of serious adverse events from the appropriate use of pharmaceuticals or regenerative medicine products. The Relief Fund System for Infections is designed to help sufferers of infectious disease from the use of human-or animal-derived products, including regenerative medicine products. These funds are operated by government subsidy and contributions from marketing authorization holders based on annual sales (PMDA Act Articles 19 and 21).
Other Regulations Related to Some Regenerative Medicine Products
Gene therapy products and recombinant viruses used for the derivation of iPS or other cells are subject to the Cartagena Domestic Act [29] . This act was legislated in 2003 to ratify the Cartagena Protocol on Biosafety to the Convention on Biological Diversity.
The collection of human blood, including that used to derive iPS cells, is subject to the Act on Securing a Stable Supply of Safe Blood Products [30] . Under article 16 of this act, remuneration for blood donations is prohibited.
The Act on the Safety of Regenerative Medicines (RM Act)
Regenerative Medicine Under the RM Act
The structure of the RM Act and related regulations are summarized in Table 3 . Unlike the PMD Act, which has a number of separate MHLW ministerial ordinances (Table 2) , the RM Act has many of its requirements stated in its Cabinet Ordinance and MHLW Ministerial Ordinance for Enforcement [31, 32] .
The RM Act covers regenerative medicines defined as medical therapies using the following technologies (RM Act article 2): processed human or animal cells (1) that are intended to be used for (a) the reconstruction, repair, or formation of the structure or function of the human body or (b) the treatment or prevention of human diseases, and (2) that are designated in the Cabinet Ordinance. Under Article 1 of the Cabinet Ordinance for the Enforcement of the RM Act, blood transfusion, hematopoietic stem cell transplantation, and reproductive medicine are excluded from the scope of regenerative medicine in principle. Organ transplantation and tissue plantation, if minimally manipulated, are also considered outside of the scope of the RM Act [33] .
Registration and Licensing of Cell Processing Facilities
Each cell processing facility must receive a license from the MHLW to operate. Domestic cell processing facilities outside medical institutions need to apply for license to the MHLW Regional Bureau (RM Act Article 35), and PMDA may audit the facility (RM Act Article 38). Applicants are required to pay a registration tax to the Japanese government and audit fees to the PMDA [34] . Licenses are effective for 5 years (Cabinet Ordinance for the Enforcement of the RM Act, Article 4) and renewal is necessary with applicable renewal fees. Instead of licenses, foreign cell processing facilities require accreditation from MHLW in order to supply processed cells for regenerative medicine to medical intuitions in Japan (RM Act Article 39). Cell processing facilities inside medical institutions need to notify the MHLW Regional Bureau (RM Act Article 40). Neither a registration tax nor PMDA audit fee are necessary for notification.
Standards for Cell Processing Facilities
Building and facility standards (RM Act Article 42) and manufacturing and quality control standards (RM Act Article 44) are applied to cell processing facilities both inside and outside medical institutions under the RM Act. These standards share the same principles as GCTP or good manufacturing practice (GMP) based on the PMD Act, but with slightly less rigorous requirements since early phase clinical research is mainly conducted in an academic setting.
Certified Regenerative Medicine Committee
Under the RM Act, institutional review boards (IRBs) need certification from the MHLW to be recognized as Certified 
Review Scheme for the Provision of Regenerative Medicine
Regenerative medicines under the RM Act are divided into following three categories according to their risk to humans. Every plan for the provision of regenerative medicine must be reviewed by a Certified Regenerative Medicine Committee (and the MHLW for class I) prior to the provision in accordance with the specific review scheme set for each category.
(1) Class I (high risk) Regenerative medicines using processed cells derived from iPS or ES cells, transgened cells or allogeneic cells. Reviews by both Specially Certified Regenerative Medicine Committee and the Health Science Council of the MHLW are necessary. The regular review period of the MHLW is 90 days, after which regenerative medicine therapy can begin unless the review period is extended (RM Act Article 8, 9). 
Other Important Legislation Related to Regenerative Medicine Regenerative Medicine Promotion Act
The Regenerative Medicine Promotion Act was enacted on May 2013 [2] . This act specifies basic policy related to research and development (R&D) and provision and dissemination of regenerative medicines so that Japanese citizens receive safer regenerative medicine timely. Both the RM Act and PMD Act were legislated in accordance with the Regenerative Medicine Promotion Act. In pursuant of Article 6 of this act, BBasic Policy to Promote the R&D, Provision and Dissemination of Regenerative Medicine Timely and Safely^was formulated as a Cabinet Decision on November 25, 2014 [35] .
Establishment of Japan Agency for Medical Research and Development (AMED)
In order to promote medical research and development, including regenerative medicine, the Act on the Incorporated Administrative Agency for Medical Research and Development [36] and the Act to Promote Healthcare and Medical Strategy [37] were legislated on May 2014. Under the former act, the Agency for Medical Research and Development (AMED) will be established as a new National Research and Development Agency in April 2015 [36, 38] [40] in July 2014. These two documents indicate basic policy and priorities for medical R&D.
Patent Term Extensions Under the Patent Act
Common to the scheme for drugs and medical devices, considering the inevitable time of clinical trials and regulatory review to secure product safety, the extension of the patent term up to 5 years for regenerative medicine products is allowed under the Patent Act (Patent Act Article 67 (2), Cabinet Ordinance for the Enforcement of the Patent Act article 3(ii)(d)) [41] [42] [43] . Extensions are applicable to conditional and time-limited approval [42, 44] .
National Health Insurance Reimbursement Scheme
Under NHI, the financial expenses relating to a medical treatment is payable by insurers and the insured person to medical institutions, as prescribed by the MHLW Minister's Notification (Health Insurance Act Article 76(2)) [45] . The reimbursement price of two approved regenerative medicine products are listed in the insurance-covered medical material price list: (1) JACE (autologous cultured epidermis), JPY 314,000 (per one sheet (8×10 cm)), and (2) JACC (autologous cultured cartilage), JPY 2,130,000 [46] .
With the introduction of the regenerative medicine product category to the PMD Act, Central Social Insurance Medical Council of MHLW agreed to new rules for these products on November 5, 2014 [47] .
(1) Listing to the NHI Drug Price List or Medical Material Price List Newly approved regenerative medicine products, including conditional and time-limited approved regenerative medicine products, can be listed either in the NHI Drug Price List [48] or NHI Medical Material Price List on a case by case basis that considers the characteristics of each product and reviews under the PMD Act. A separate regenerative medicine price list will not be created for the time being, but will be considered as more regenerative medicine products are added to the list.
(2) Allowance of medical treatment combined with treatment outside insurance coverage Under the NHI reimbursement scheme, it is generally not allowed to combine medical treatment covered by insurance with a treatment that is not except for specifically designated treatments, such as BEvaluation Treatment^or BSelective Treatment^(Health Insurance Act Article 86). Clinical trials of regenerative medicine products under the PMD Act are designated as Evaluation Treatment, therefore a combination of insurancecovered and -uncovered treatments using Investigational Processed Cells (unapproved regenerative medicine products) is permitted [49] . For company-sponsored clinical trials, the expense of the medical treatment other than examination, imaging and Investigational Processed Cells can be subject to NHI reimbursement [50] . For investigator-initiated clinical trials, the expense of the medical treatment other than Investigational Processed Cells can be subject to NHI reimbursement [50] . Regenerative medicine therapies under clinical research or medical treatment under the RM Act are generally outside NHI coverage and not permitted to be combined with other medical treatments covered by NHI. However, it is possible to designate these regenerative medicine therapies as Advanced Medical Therapy under the Evaluation Treatment category after a review by the Advanced Medical Therapy Committee under the MHLW. Such regenerative medicine therapies are not covered by insurance, but can be combined with other insurance-covered medical treatments after registration with the MHLW Minister's Notification of Advanced Medical Therapy [47, 51] .
Conclusions
In Japan, a new legal framework designed to timely introduce safe and effective regenerative medicines has been implemented recently. Systems to promote research and development and reimbursement schemes of regenerative medicine products are included. It is expected that these changes will accelerate the clinical application and commercialization of innovative regenerative medicine therapy such as those derived from iPS cells.
